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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates generally to methods and systems for monitoring subterranean parameters. More
particularly, this invention is directed to methods and systems for monitoring strain in the earth interior.

BACKGROUND OF THE INVENTION

[0002] Volumetric strainmeters are often used to monitor changes in strain in the earth’s interior, see for example CH
335 564 A. Volumetric strainmeters are considered to be the most sensitive of sensors used to measure small changes
in subterranean stress or strain. A typical strainmeter 100 shown in Fig. 1 may be inserted into a subterranean formation
to monitor tectonic stress. The strainmeter 100 includes a housing 102 enclosing a chamber 104 filled with a fluid, a
capillary tube 106, and a differential transformer 108 connected to the capillary tube 106. The capillary tube 106 is in
fluid communication with the chamber 104. The differential transformer 108 measures the volume of fluid that comes
out of or is displaced from the chamber 104 when tectonic stress compresses and deforms the chamber 104.

[0003] However, if the volume of fluid displaced from the chamber 104 exceeds the capacity of the differential trans-
former 108, a quantum-metered overcapacity relief valve 110 in fluid communication with the chamber 104 opens and
allows fluid flow from the chamber 104 into an overcapacity chamber 112 filled with Argon gas. The volume of fluid that
may enter the overcapacity chamber 112 is constant or quantized, and the strainmeter counts and records the number
of times an overcapacity condition occurs. Therefore, the total amount of fluid displaced from the chamber 104 into the
overcapacity chamber 112 is readily determined.

[0004] The fluid volume V of the chamber 104 is expressed as:

2
V=7L'DL
4

(D)

where:

D is the internal diameter of the chamber; and
L is the internal length of the chamber.

[0005] The volumetric change AV is therefore:

AV = —’ZE(DJ -D?) P

for a diameter change from D, to D, due to strain. Accordingly, the sensitivity of the strainmeter 100 is governed by its
diameter and length, and strain can be determined by measuring the volume of fluid displaced from the chamber 104.
[0006] The fluid in the chamber 104 is often silicon oil. The thermal expansion coefficient a of silicon oil is approximately
9.5x104. Therefore, strain due to changes in temperature is:

% =aAT (°C) 3)

However, to measure volumetric strain on the order of 10-12 (the resolution commonly sought for subterranean oilfield
applications) the required stability of the temperature should be less than:

10712

=——=10" °C 4
9.5%x107* O , )
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[0007] It may be difficult or impossible to maintain temperature stability to 10 (° C), and it may not even be possible
to verify that the temperature at the strainmeter is within such an order. Therefore, the strainmeter 100 may be equipped
with a thermocouple 114 as shown in Fig. 1 to measure the fluid temperature and compensate for fluid thermal expansion
due to temperature variations. The highest resolution currently available for temperature measurement is about 1/1000°
C. This corresponds to a strain resolution on the order of 10-6. However, for long term subterranean monitoring, the best
resolution available for temperature measurement is about 1/100° C and many orders of magnitude too low to provide
strain measurement on the order of 109,

[0008] Moreover, even if temperature could be measured with enough accuracy to compensate for thermal fluid
expansion for strain measurements on the order of 109, the thermocouple 114 only measures the temperature of the
fluid locally. Temperature may be distributed throughout the chamber 104 while and the measured temperature is the
temperature at the thermocouple. Thermal expansion of the fluid represents the true average temperature throughout
the chamber 104 or the integration of thermal expansion in the whole fluid volume. Accordingly, it is important to reduce
temperature sensitivity of volumetric strainmeters and further separate temperature dependency from stress changes.
[0009] The present invention is direct to overcoming, or at least reducing the effects of, one or more of the problems
presented above.

SUMMARY OF THE INVENTION

[0010] The presentinvention meets the above-described needs and others. Specifically, the present invention provides
methods and apparatus for monitoring subterranean parameters. The methods and apparatus measure subterranean
stress or strain and compensate for temperature variations.

[0011] According to one aspect, there is a method of monitoring subterranean parameters comprising measuring
strain changes in the earth using fluid expansion to compensate for temperature variations. The method may include
measuring fluid volume change of a first fluid in response to tectonic stresses, the first fluid comprising a first thermal
expansion coefficient; measuring fluid volume change of a second fluid having a second thermal expansion coefficient,
the second thermal expansion coefficient being greater than the first thermal expansion coefficient; and compensating
the fluid volume change measurement of the first fluid for temperature using the fluid volume change measurement of
the second fluid. The second thermal expansion coefficient may be at least two to seven times greater than the first
thermal expansion coefficient. The first fluid may be selected from the group consisting of: water, mercury, and glycerin;
and the second fluid is selected from the group consisting of: alcohol, benzol, acetone, ether, and silicon oil. The fluid
expansion is used to compensate for true average temperature variations, not only local temperature variation as done
by prior art thermocouples.

[0012] According to some aspects, the method may comprise reducing a volume of a first fluid used to measure strain
to less than a volume of a second fluid used to compensate for temperature. The reducing may include inserting a solid
object with a small thermal expansion coefficient into a first fluid container.

[0013] According to some aspects, the method comprises providing a first fluid chamber sensitive to strain, the first
fluid chamber comprising a first volume of fluid; providing a second fluid chamber insensitive to strain because the
housing of the first chamber takes the stress by its deformation, the second fluid chamber comprising a second volume
of fluid; measuring fluid displaced from the first fluid chamber in response to tectonic stress; measuring expansion of
the second volume of fluid in response to temperature variations; and compensating measured fluid displaced from the
first fluid chamber for temperature by the measured expansion of the second volume of fluid. The fluid in the first and
second fluid chambers may the same or different. For example, the fluid in the first fluid chamber may have a lower
thermal expansion coefficient than the fluid in the second fluid chamber.

[0014] According to some aspects, the method comprises providing a first fluid chamber of a first exterior size sensitive
to strain and having a first volume of fluid filling the first chamber; providing a second fluid chamber of the first exterior
size sensitive to strain having a second volume of fluid filling the second chamber, the second volume of fluid being less
than the first volume of fluid; measuring displacement of the first volume of fluid from the first chamber in response to
strain and in response to temperature changes; measuring displacement of the second volume of fluid from the second
chamber in response to strain and in response to a fraction of the temperature changes; and compensating strain for
temperature using the fractional displacement change due to temperature changes in the second chamber. The method
may also include reducing the first volume of fluid by inserting a first object into the first chamber, and reducing the
second volume of fluid by inserting a second object into the second chamber.

[0015] Another aspect of the method includes providing a first fluid chamber sensitive to tectonic stress having a first
volume of fluid; providing a second fluid chamber concentric with the first fluid chamber having a second volume of fluid,
the second fluid chamber being insensitive to tectonic stress; measuring displacement of the first volume of fluid from
the first fluid chamber in response to strain and in response to temperature changes; measuring displacement of the
second volume of fluid from the second fluid chamber in response to temperature changes; and compensating strain
for temperature using the measured displacement of the second volume of fluid due to temperature changes. The first
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volume may be defined by an annulus between first and second chambers.

[0016] Another aspect provides a method of measuring subterranean strain. The method comprises filling a first
chamber of a volumetric strainmeter with a first fluid; filling a second chamber of the volumetric strainmeter with a second
fluid; measuring a volume of fluid displaced from the first chamber in response to tectonic stress; measuring fluid
expansion of the second fluid due to temperature variations; and compensating the measurement of first fluid displaced
from the first chamber for the temperature variations using the expansion measurements of the second fluid. The first
chamber may comprise a strain-sensitive chamber, and the second chamber comprises a strain-insensitive chamber.
[0017] Anotheraspect provides another method of monitoring subterranean parameters. The method comprises meas-
uring strain changes in the earth with a volumetric strainmeter, and compensating for temperature variations without a
thermocouple. Compensating for temperature may include measuring fluid expansion of a separate fluid volume. Meas-
uring strain changes may comprise measuring changes in volumetric fluid capacity of a first chamber containing a first
fluid in response to tectonic stresses and temperature variations, the first fluid comprising a first thermal expansion
coefficient; measuring changes in volumetric fluid capacity of a second chamber containing a second fluid in response
to tectonic stresses and temperature variations, the second fluid comprising a second thermal expansion coefficient,
the second thermal expansion coefficient being different than the first thermal expansion coefficient; and calculating
volumetric strain independent of temperature. Measuring strain changes may also comprise measuring changes in
volumetric fluid capacity of a first chamber containing a first fluid in response to tectonic stresses and temperature
variations, the first chamber being sensitive to strain; measuring changes in volumetric fluid capacity of a second chamber
containing a second fluid in response to temperature variations only, the second chamber being insensitive to strain;
and calculating volumetric strain compensated for temperature by subtracting the measured changes in volumetric fluid
capacity of the second chamber from the measured changes in volumetric fluid capacity of the first chamber.

[0018] Another aspect provides a volumetric strainmeter. The volumetric strainmeter comprises a housing, a strain
measurement chamber filled with a first fluid, a temperature compensation chamber filled with a second fluid, a first fluid
meter operatively connected to the strain measurement chamber for measuring fluid displaced from the strain meas-
urement chamber, and a second fluid meter operatively connected to the temperature compensation chamber for meas-
uring fluid displaced from the temperature compensation chamber. According to some embodiments, the strain meas-
urement chamber deforms in response to tectonic stress, and the temperature compensation chamber does not deform
in response to tectonic stress. The first and second fluids may comprise the same thermal expansion coefficient.
[0019] According to some embodiments of the strainmeter, however, the strain measurement chamber and the tem-
perature compensation chamber deform substantially identically in response to tectonic stress, and the first and second
fluids have different, known thermal expansion coefficients.

[0020] Some embodiments of the volumetric strainmeter include a solid object in one or both of the strain measurement
chamber and the temperature compensation chamber, where a fluid annulus is defined between the solid object and
the housing. In embodiments including a solid object in both the strain measurement chamber and the temperature
compensation chamber, the diameters of the solid objects may be different.

[0021] According to some embodiments of the volumetric strainmeter, the temperature compensation chamber is
concentric with the strain measurement chamber. The temperature compensation chamber may be arranged inside the
housing, and the strain measurement chamber may comprise an annulus between the housing and the temperature
compensation chamber. The strain measurement chamber may also be partitioned to measure direction of tectonic
stress. The strainmeter may also include a plurality of thermal conduction fins extending from the temperature compen-
sation chamber to the strain measurement chamber.

[0022] According to some embodiments of the volumetric strainmeter, a quantum-metered over-capacity valve is
fluidly connected to the strain measurement chamber. In addition, the first and second fluid meters may each comprise
a differential transformer connected to a capillary tube.

[0023] The description provides another volumetric strainmeter comprising an outer housing, an inner housing insen-
sitive to deformation due to tectonic stress, a first fluid disposed between the outer housing and the inner housing, a
second fluid disposed in the inner housing, a first capillary tube fluidly connected to the first fluid, a second capillary tube
fluidly connected to the second fluid, a first differential transformer connected to the first capillary tube, and a second
differential transformer connected to the second capillary tube. The strainmeter may include an overcapacity metered
relief valve fluidly connected to the first fluid and a plurality of partitions disposed between the outer housing and the
inner housing. According to embodiments including partitions, the inner housing may be reinforced to resist strain due
to transmitted forces. The strainmeter may include thermal conducting fins disposed inside the inner housing and ex-
tending to at least the inner housing, each of the plurality of thermally conducing fins comprising at least one hole
permitting fluid passage therethrough. The thermal conducting fins may also absorb any forces transmitted by the outer
housing.

[0024] Another aspect provides a method of reducing fluid expansion dependence comprising maintaining an internal
dimension of a parameter measurement device and reducing an internal fluid volume of the measurement device by
inserting a solid object into the measurement device to reduce thermal expansion of an interal fluid.
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[0025] Additional advantages and novel features will be set forth in the description which follows or may be learned
by those skilled in the art through reading these materials or practicing the invention. The advantages of the invention
may be achieved through the means recited in the attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings illustrate preferred embodiments of the present invention and are a part of the
specification. Together with the following description, the drawings demonstrate and explain the principles of the present
invention.

Fig. 1 is illustrates a single chamber volumetric strainmeter according to the prior art.

Fig. 2 is a cross sectional view of a an annulus strainmeter according to one embodiment.

Fig. 3A is a cross sectional view of a dual chamber volumetric strainmeter according to one embodiment.

Fig. 3B is a top view of the dual chamber volumetric strainmeter of Fig. 3A.

Fig. 4 is a cross sectional view of a dual chamber volumetric strainmeter according to another embodiment.

Fig. 5 is a cross sectional view of a dual chamber volumetric strainmeter with an internal object included in one of
the chambers according to another embodiment.

Fig. 6 is a cross sectional view of a dual chamber volumetric strainmeter with a internal objects included in both of
the chambers according to another embodiment.

Fig. 7 isacross sectional view of a dual concentric chamber volumetric strainmeter according to another embodiment.
Fig. 8 is a top view of a dual concentric chamber volumetric strainmeter with partitions to measure direction of
tectonic strain according to another embodiment.

Fig. 9 is a top view of a dual concentric chamber volumetric strainmeter with partitions and thermal fins according
to another embodiment.

[0027] Throughout the drawings identical reference numbers designate similar, but not necessarily identical elements.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0028] lllustrative embodiments and aspects are described below. It will of course be appreciated that in the develop-
ment of any such actual embodiment, numerous implementation-specific decisions must be made to achieve the devel-
opers’ specific goals, such as compliance with system-related and business-related constraints, that will vary from one
implementation to another. Moreover, it will be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit of
this disclosure.

[0029] The present invention contemplates methods and apparatus for monitoring subterranean parameters such as
stress or strain changes in the earth. Various methods and apparatus are contemplated for measuring the stress or
strain while also compensating for temperature variations. Preferred embodiments of the methods and apparatus are
described below, and may be particularly well suited to oilfield applications. However, the methods and apparatus
presented herein are not so limited. The methods and systems may be applied to permanent and semi-permanent
production, or other applications such as logging while drilling (LWD) and measurement while drilling (MWD). In a broader
sense, the techniques described herein can be applied to any subterranean characterization measurements.

[0030] As used throughout the specification and claims, the term "fluid" means a continuous, amorphous substance
whose molecules move freely past one another and that has the tendency to assume the shape of its container, including
both liquids and gases. "Expansion" refers to an increase or decrease in size from an initial condition. A decrease in
size would indicate a negative "expansion.” "Solid" refers to a state of matter, something of definite shape, and does
not necessarily mean something that is not hollow. "Reinforced" means strengthened, which may be done by structural
arrangement, material selection, increased wall thicknesses, etc. The words "including" and "having," as used in the
specification, including the claims, have the same meaning as the word "comprising."”

[0031] The methods and systems presented herein for monitoring subterranean parameters include a description of
at least two general principles. The at least two general principles include reducing temperature dependency, and
compensating for temperature variations in volumetric strainmeters. The temperature compensation methods and ap-
paratus are further categorized into systems using at least two different working fluids, and systems using a strain
sensitive chamber and a strain-insensitive chamber.

[0032] As mentioned above in the background, subterraneous stress-strain measurements are most accurately de-
tected with volumetric strainmeters. Nevertheless, volumetric strainmeters are dependent on temperature. Therefore, it
is important to compensate for temperature variations or at least reduce temperature dependence to produce accurate
stress or strain measurements. Stress and strain are proportional to one another in an elastic deformation range as a
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function of elastic constants. Therefore, hereafter, although the description may use the terms "strain" or "stress" indi-
vidually, it will be understood that those of skill in the art having the benefit of this disclosure may be able to calculate
stress from a strain measurement, or vice-versa.

[0033] Examples of thermal expansion coefficients of several different materials are listed below on Table 1. Generally,
as shown in Table 1, thermal expansion coefficients of solids are usually smaller than thermal expansion coefficients of
liquids by a factor of 10.

Table 1 Thermal Expansion Coefficients of Various Materials

Volumetric Thermal Expansion Coefficients of Materials
Solid [x1076] Liquid [x103]
Aluminum 69 Water 0.21
Copper 50 Alcohol 1.2
Steel 39 Mercury 0.18
Inver 2.7 Glycerin 0.51
Glass 27 Benzol 1.2
Quartz glass 15 21 % Salt water | 0.41
Ceramic 9 Acetone 15
Cement 30-39 Ether 1.7
Brick 27 Silicon oil 0.95

[0034] Thermal expansion coefficients also vary considerably among the liquids. For example, the thermal expansion
coefficient of water is about 1/5 of that for silicon oil. Accordingly, one way to reduce temperature dependency of volumetric
strainmeters may be to replace the silicon oil with water as the working fluid. However, in order to reach the resolution
desired for subterranean strain measurement, dependency on temperature needs to be reduced by orders of magnitude,
which is not accomplished by a change in working fluid alone.

[0035] Equation (2) represents fluid volume change due to strain and Equation (3) represents the volume change due
to temperature. From Equations (2) and (3) it follows that a reduction of the fluid volume--without reducing the diameter
of the chamber-- reduces temperature response of the strainmeter.

[0036] Fig. 2 illustrates an apparatus and method to reduce temperature dependency. Fig. 2 illustrates a strainmeters
200 including a housing 202 with a first chamber such as cylindrical chamber 204 having a diameter D. The housing
202 may also contain the capillary tube 106 (Fig. 1), a fluid flow meter such as the differential transformer 108 (Fig. 1),
the quantum-metered overcapacity relief valve 110 (Fig. 1), and the overcapacity chamber 112 (Fig. 1). However, unlike
the strainmeter 100 of Fig. 1, a solid object such as a bar 216 of diameter d is placed inside the strainmeter 200.
[0037] As mentioned above and shown in Table 1, the thermal expansion coefficient of a solid is about 1/10 of that
for fluid. Assuming that the tectonic stress changes the diameter of the strainmeter 200 from D, to D, the internal volume
of the strainmeter is then changed from:

V. =ZZZL—(D12 —d*)to 7, =—7—;£(D22 —d?) ®)

The volume change due to tectonic stress, which is also the volume of fluid displaced from the cylindrical chamber 204
and measured by a flow meter, is therefore:

AV = %L-(Dj -p?) 6

Accordingly, the volume change is independent of the diameter of the solid inside.
[0038] However there will also be a volume change due to expansion of the fluid in the cylindrical chamber 204 in
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response to temperature variations. The volume change due to expansion of the fluid in the cylindrical chamber 204
without the bar 216 is:

AV = aAT%’-DZ 0

On the other hand, the volume change due to temperature change with the bar 216 inserted into the cylindrical chamber
204 as shown in Fig. 2 is:

AV:aAT”TL(Dz_— df) ®)

Therefore, volume change (and thus strain measurements) with the bar 216 inserted has less temperature dependency.
Accordingly, by reducing the cylindrical chamber fluid volume (the annulus volume between the housing 202 and the
bar 216), the temperature sensitivity of the strainmeter 200 is also significantly reduced.

[0039] Reducing temperature sensitivity may still not provide the level of accuracy desired for a volumetric stainmeter.
It may be necessary to compensate for temperature expansion in addition to or alternative to reducing first chamber
volume while maintaining first chamber diameter. One way to compensate temperature effects according to the present
invention may be to use two different fluids, each having a different thermal expansion coefficient, in two separate
chambers as shown in Figs. 3A-3B.

[0040] Figs. 3A-3B illustrate an apparatus and method according to principles of the present invention to measure
subterranean strain, compensating for temperature variations. Fig. 3 illustrates a strainmeter 300 including a housing
302 with a first or strainmeter chamber 304 and a second or temperature compensation chamber 318. The housing 302
may also contain the capillary tube 106, first and second fluid flow meters such as the differential transformer 108 (Fig.
1), the quantum-metered overcapacity relief valve 110 (Fig. 1), and the overcapacity chamber 112 (Fig. 1). In fact both
the strainmeter chamber 304 and the temperature compensation chamber 318 may be operatively connected to separate
capillary tubes, fluid flow meters, quantum-metered overcapacity relief valves, and overcapacity chambers similar or
identical to the arrangement shown in Fig. 1. As shown in Fig. 3B, the strainmeter chamber 304 and the temperature
compensation chamber 318 may be cylindrical and stacked. The strainmeter chamber 304 and the temperature com-
pensation chamber 318 are shown in Figs. 3A-3B with identical shapes, sizes, and structures such that they strain in
the same manner when subjected to the same stresses.

[0041] According to the embodiment of Figs. 3A-3B, the strainmeter chamber 304 is filled with a first fluid having a
first thermal expansion coefficient. The first fluid may include, but is not limited to: mercury, water, or glycerin. The
temperature compensation chamber 318 is filled with a second fluid having a second thermal expansion coefficient. The
second thermal expansion coefficient is greater than the first thermal expansion coefficient, preferably at least two to
seven times greater than the first thermal expansion or more. Therefore, the second fluid is much more sensitive to
temperature (i.e. the second fluid will expand much more than the first fluid for a given temperature change) than the
first fluid. The second fluid may include, but is not limited to: ether, acetone, alcohol, benzol, or silicon oil. The volume
change of the second fluid will likely be mostly due to temperature-induced expansion, and therefore act as a large,
highly sensitive thermometer. The thermal expansion of the second fluid as it is displaced from the temperature com-
pensation chamber 318 may be measured by a differential transformer in the same manner as the strainmeter shown
in Fig. 1.

[0042] Assuming thatthe diameters of the strainmeter chamber 304 and the temperature compensation chamber 318
are each deformed from D to D, due to tectonic stress change, and that the chamber lengths of each chamber are the
same, the responses of the strainmeter chamber 304 and the temperature compensation chamber 318 may be written as:

2 2
—AV—K=a1AT+ & -1} and A;2=052AT+ & -1 9)

1 Dl

where V] represents the fluid volume of the strainmeter chamber 304 and V;, represents the fluid volume of the temperature
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compensation chamber 318.
[0043] Therefore, the temperature change is:

_(ar,-a7) |
A= 'V(az“al) (o)

and the volumetric strain is found from:

DY _||_a%__ (av,-47)

D, v 1 V(a 2_0‘1)

(11)

which is independent of temperature and therefore compensated for temperature.

[0044] Another way to eliminate temperature dependence is to measure stress and temperature using differences in
stress responses and temperature responses. This may be done by using two chambers and the same working fluid.
Fig. 4 illustrates a strainmeter 400 with two chambers: a strainmeter chamber 404 and a temperature compensation
chamber 418, each filled with the same working fluid. Each of the strainmeter chamber 404 and the temperature com-
pensation chamber 418 may also include the additional components shown in Fig. 1 (except for the thermocouple 114)
for measuring volumes of fluid displaced from the chambers.

[0045] However, according to the embodiment of Fig. 4, the strainmeter chamber 404 is sensitive to strain and thus
deforms in response to tectonic stress, and the temperature compensation chamber 418 is insensitive strain and does
not deform in response to tectonic stress. The temperature compensation chamber 418 may be reinforced or otherwise
strengthened such that it does not deform and displace fluid in response to stress levels anticipated by the environment
in which the strainmeter 400 is placed. If the two chambers are designed to have the same volume of fluid as shown,
then both the strainmeter chamber 404 and the temperature compensation chamber 418 will have the same response
to temperature changes. Because the temperature chamber 418 is insensitive to strain and measures temperature only,
the actual stress response is:

Strain = Response of Strainmeter chamber - Response of Temperature chamber(12)

(Strain + Temperature) (Temperature)

Therefore the total strain measurement is only a measure of the strain, not the fluid expansion due to temperature
variations. Moreover, basing the temperature compensation on fluid expansion, a true average temperature compen-
sation is made, rather than only a local temperature compensation available with a thermocouple.

[0046] Itis also possible to use a different fluid with a higher thermal expansion coefficient in the temperature com-
pensation chamber 418. Using a fluid having a higher thermal expansion coefficient may provide a higher temperature
response or the same temperature response with a reduced volume. By designing the strainmeter chamber 404 with a
larger volume for the reduced size temperature compensation chamber 418, the stress measurement sensitivity is
improved.

[0047] Another method and apparatus that may be used to enhance strain measurement may include use of different
volume chambers. Fig. 5 illustrates a strainmeter 500 with a housing 502 and first and second strain measurement
chambers 504, 518. As with previous embodiments, each of the strain measurement chambers 504, 518 preferably
includes the capillary tube 106 (Fig. 1), a fluid flow meter such as the differential transformer 108 (Fig. 1), the quantum-
metered overcapacity relief valve 110 (Fig. 1), and the overcapacity chamber 112 (Fig. 1). Fig. 5 also illustrates insertion
of an inner solid bar 516 into the second measurement chamber 518 to reduce the amount of fluid inside the second
chamber 518. Therefore, the first strain measurement chamber 504 responds to strain and temperature while the second
strain measurement chamber 518 responds to strain and a fraction of temperature. Assuming, for example, that the fluid
volume capacity of the second measurement chamber 518 is 1/10 of the fluid volume capacity of the first measurement
chamber 504. The responses of the chambers are:
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Second chamber = Strain + 1/10 * Temperature (13)

First chamber = Strain + Temperature (14)
Then,
Strain = 10/9 * Second chamber — 1/9 * First chamber (15)

[0048] Itis also possible to use a relatively low thermal expansion fluid in the first chamber 504 and a relatively high
thermal expansion fluid in the second chamber 518 to improve strain response with a larger size first chamber 504 and
a reduced size second chamber 518.

[0049] Two chambers 604, 618 are designed with different size rods 616, 620, respectively, according to the embod-
iment of a strainmeter 600 shown in Fig. 6. Assuming, for example, that the volume of the first chamber 604 is reduced
to 20% of normal capacity (fluid capacity without the first rod 616) and that of Chamber 2 is reduced to 10% of normal
capacity, then the responses of each chamber may be written as:

First chamber = Strain + 0.2 * Temperature (16)
Second chamber = Strain + 0.1 ¥ Temperature (17)
Then,
Strain = 2*Second chamber — First chamber (18)

The fractions of 0.1 and 0.2 are used just for example. Moreover, the lengths L of the two chambers 604, 618 and the
fluids contained in the two chambers 604, 618 may be different. It will of course be appreciated that each chamber 604,
618 of the embodiment of Fig. 6 will preferably include the components of Fig. 1 (except for the thermocouple).

[0050] The subtraction of temperature expansion effect for the embodiment shown in Fig. 5 is large and the resulting
stress is small. Accordingly, small errors in temperature measurement may cause errors in estimating stress. According
to the embodiment of Fig. 6, the temperature effects are reduced by reducing the fluid volume. The stress is obtained
by canceling small temperature effects and any error should be small.

[0051] The embodiments described above with reference to Figs. 4-6 disclose stacked multi-chamber arrangements.
Therefore, temperature and strain are measured at slightly different depths or positions along the strainmeters. If, for
example, one of the strainmeters 400/500/600 is long, the stress and temperatures at the different positions may be
slightly different. Ideally, temperature and strain would be measured at the same depth or position to avoid any uncertainty
errors.

[0052] Fig. 7 illustrates a strainmeter 700 with a temperature compensation chamber disposed inside the strainmeter.
The strainmeter 700 of Fig. 7 includes an outer housing 702, an inner housing 722, and an annulus formed between the
inner housing 722 and the outer housing 702. The annulus comprises a first or strain measurement chamber 704, and
the inner housing 722 defines a second or temperature compensation chamber 718. According to the embodiment of
Fig. 7, the second chamber 718 is interior with respect to the first chamber 704. The second chamber 718 is preferably
concentric or eccentric with respect to the first chamber 704. It will again be appreciated that each chamber 704, 718
of the embodiment of Fig. 7 will preferably include the components of Fig. 1 (except for the thermocouple).

[0053] The annulus or first chamber 704 is filled with a first fluid having a first thermal expansion coefficient, preferably
a fluid such as mercury or water having a reduced temperature response. The outer housing 702 is sensitive to strain,
and therefore tectonic stress deforms the outer housing 702 and displaces a measurable volume of the first fluid in the
first chamber.

[0054] The second chamber 718 contains a second fluid. The outer housing 702 sustains all the tectonic stress by
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deformation. The fluid in the annulus or first chamber 704 is squeezed, but there is no substantial pressure change in
the first fluid as a result of tectonic stress. The inner housing 722 does not sustain any of the tectonic stress unless there
are ribs or partitions mechanically connected between outer housing 702 and inner housing 722. The second chamber
718 is sensitive to temperature only. Moreover, the fluid volume in the first chamber 704 is reduced as a result of the
presence of concentric inner housing 722, and therefore, the temperature expansion effect of the first fluid is small. The
second fluid has a second thermal expansion coefficient that is preferably highly sensitive to temperature variations.
The second fluid may comprise ether, acetone or other liquids such that the volume displaced from the second chamber
is dominated by changes in temperature. The low temperature dependency of the first fluid in the first chamber 704 is
further compensated by the temperature response of the second fluid contained in the second chamber.

[0055] If an internal diameter of the outer housing 702 deforms from D, to D,, the observed change in fluid volume
displaced, AV; is the sum of the thermal expansion of the first fluid and internal volume change of the first chamber 704.
AV, is the displaced volume of the second fluid from the second chamber 718 due to thermal expansion of the second
fluid. The internal diameter of the second chamber 718 is shown as d. Accordingly:

AV, = aAT%(DIZ —d2)+%(D22 -p?) (19)

7l

AV, = aATTdZ (20)

And the volumetric strain is:

’ 2
2 -p))-av-avn,ce-y @)

which is independent of temperature or compensated for temperature.

[0056] Fig. 8illustrates, according to one embodiment, a top view of a dual concentric chamber strainmeter 800 similar
oridentical to the strainmeter 700 shown in Fig. 7. As shown in Fig. 8, an annulus defining an outer chamber 804 between
an inner housing 822 and an outer housing 802 may be divided into multiple rooms by three or more partitions 824. The
multiple partitions 824 enable directional measurement of tectonic stress.

[0057] Each partitioned segment of the outer chamber 804 is preferably filled with a first fluid having a relatively low
thermal expansion coefficient, such as mercury or water. An inner chamber 818 is reinforced or strengthened so that it
does not deform due to external stress transmitted by the partitions 824 and maintains a constant internal volume. The
inner chamber 818 is filled with a second fluid that is preferably highly sensitive to temperature, such as ether or acetone,
so that any volume of fluid displaced from the inner chamber 818 is dominated by temperature change (thermal expansion
of the second fluid).

[0058] Fig. 9 illustrates a top view of a dual concentric chamber strainmeter 900 according to another embodiment
similar or identical to the strainmeter 700 shown in Fig. 7. The strainmeter 900 of Fig. 9 is a multi-component strainmeter
wherein an outer chamber 904 bounded by an inner housing 922 and an outer housing 902 is sectioned into four sub-
chambers by four partitions 924. In addition, the strainmeter 900 includes thermal conduction fins 926 installed in a
reinforced inner chamber 918 and extending to at least the inner housing 922 for more efficient heat transfer from the
outer chamber 904 to the inner chamber 918. The thermal conduction fins 926 may each include one or more holes to
allow fluid communication throughout the inner chamber 918. Any temperature changes in a subterranean formation
into which the strainmeter 900 is inserted will be conducted to the first fluid in the outer chamber 904. Heat is then quickly
conducted from the outer chamber 904 to the inner chamber 918 by the thermal conduction fins 926. The thermal
conduction fins 926 improve the delay in reaching thermal equilibrium between the inner and outer chambers 904, 918
by improving the thermal conduction therebetween.

[0059] The strain measurement methods and apparatus described above to reduce temperature dependence and/or
compensate for temperature variations are exemplary in nature. The preferred embodiments and aspects have been
disclosed to teach the principles of the present invention, which include subterranean strain measurements that are
compensated for temperature without a thermocouple and are instead corrected by measuring fluid expansion. It will
be understood by those of skill in the art having the benefit of this disclosure that many variations in structure and
implementation may be made to suit particular purposes. Nevertheless, any method or apparatus measuring subterra-
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nean and reducing temperature dependence by reducing strainmeter volume or temperature compensation based on
the principles of fluid expansion are contemplated by the invention.

[0060] Therefore, the preceding description has been presented only to illustrate and describe the invention. It is not
intended to be exhaustive or to limit the invention to any precise form disclosed. Many modifications and variations are
possible in light of the above teaching.

[0061] The preferred embodiments were chosen and described in order to best explain the principles of the invention
and its practical application. The preceding description is intended to enable others skilled in the art to best utilize the
invention in various embodiments and with various modifications as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the following claims.

[0062] It should be noted that the fluid confined in stress reinforced chambers is insensitive to strain and sensitive to
temperature. This is indeed a very high resolution thermometer. This thermometer is useful not only to compensate
strainmeter but also for other temperature dependent sensors.

[0063] The outer housing of concentric or eccentric chambers prevents transmission of stress to inner housings, yet
fluid still transmits heat from outer housing to inner housing.

[0064] It will also be understood by those of skill in the art having the benefit of this disclosure that the apparatus
described above may also used to measure temperature, compensating for strain, rather than measuring strain and
compensating for temperature. Accordingly, some methods according to principles of the present invention include
measuring temperature changes in the earth using fluid expansion to compensate for strain variations.

Claims
1. A method of monitoring subterranean parameters, the method comprising:

measuring fluid volume change of a first fluid in response to stress or strain, the first fluid having a first thermal
expansion coefficient;

measuring fluid volume change of a second fluid having a second thermal expansion coefficient;

the method being characterized by compensating the fluid volume change measurement of the first fluid for
temperature using the fluid volume change measurement of the second fluid, wherein the second thermal
expansion coefficient is greater than the first thermal expansion coefficient.

2. The method of claim |, wherein the second thermal expansion coefficient is at least two times greater than the first
thermal expansion coefficient.

3. The method of claim 1, wherein the second thermal expansion coefficient is at least five times greater than the first
thermal expansion coefficient.

4. The method of claim 1, wherein the second thermal expansion coefficient is at least seven times greater than the
first thermal expansion coefficient.

5. The method of claim 1, wherein the first fluid is selected from the group consisting of: water, mercury, and glycerin;
and the second fluid is selected from the group consisting of: alcohol, benzol, acetone, ether, and silicon oil.

6. The method of claim 1, further comprising using fluid expansion of the second fluid in response to temperature
changes to compensate for true average temperature variations.

7. The method of claim 1, wherein stress or strain comprise tectonic stresses.

8. The method of claim 1, further comprising: filling a first chamber of a volumetric strainmeter with the first fluid
comprising the first thermal expansion coefficient and filling a second chamber of the volumetric strainmeter with
the second fluid comprising the second thermal expansion coefficient.

9. The method of claim 1, further including: providing a first fluid chamber that is sensitive to strain or stress, the first
fluid chamber comprising a first volume of fluid; providing a second fluid chamber insensitive to strain or stress, the

second fluid chamber comprising a second volume of fluid.

10. The method of claim 8, further comprising: providing the second fluid chamber concentric with the first fluid chamber.
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The method of claim 10, wherein the first volume is defined by an annulus between first and second chambers.

The method of claim 1, further including: providing a first fluid chamber of a first exterior size sensitive to strain or
stress and having a first volume of fluid; providing a second fluid chamber of the first exterior size sensitive to strain
or stress and having a second volume of fluid, the second volume of fluid being less than the first volume of fluid.

The method of claim 12, further comprising:: reducing the first volume of fluid by inserting a first object into the first
chamber; reducing the second volume of fluid by inserting a second object into the second chamber.

A volumetric strainmeter for measuring subterranean parameters, the volumetric strainmeter comprising: a housing
(302); a strain measurement chamber (304) filled with a first fluid; a temperature compensation chamber (318) filled
with a second fluid; a first fluid meter operatively connected to the strain measurement chamber (304) for measuring
fluid displaced from the strain measurement chamber (304); a second fluid meter operatively connected to the
temperature compensation chamber (318) for measuring fluid displaced from the temperature compensation cham-
ber (318); characterized in that the first and second fluid have different, known thermal expansion coefficients,
the thermal expansion coefficient of the second fluid being greater than the thermal expansion coefficient of the first
fluid,

The volumetric strainmeter of claim 14, wherein the strain measurement chamber and the temperature compensation
chamber deform substantially identically in response to stress or strain in the earth.

The volumetric strainmeter of claim 14, wherein at least one of the strain measurement chamber and the temperature
compensation chamber includes a solid object, wherein a fluid annulus is defined between the solid object and the
housing.

The volumetric strainmeter of claim 14, wherein the strain measurement chamber includes the solid object, the solid
object having a first diameter, and the temperature compensation chamber includes a second solid object having
a second diameter different from the first diameter.

The volumetric strainmeter of claim 14, further including a quantum-metered overcapacity valve operatively con-
nected to the strain measurement chamber.

The volumetric strainmeter of claim 14, further including: a reinforced inner housing resistant to deformation due to
stress or strain in the earth; the first fluid being disposed between the outer housing and the reinforced inner housing
and the second fluid being disposed in the reinforced inner housing; a first capillary tube fluidly connected to the
first fluid; a second capillary tube fluidly connected to the second fluid; a first differential transformer connected to
the first capillary tube; and a second differential transformer connected to the second capillary tube.

The volumetric strainmeter of claim 19, further comprising an overcapacity metered relief valve fluidly connected to
the first fluid.

The volumetric strainmeter of claim 19, wherein the second fluid has a thermal expansion coefficient at least twice
as large as the first fluid.

The volumetric strainmeter of claim 19, wherein the second fluid has a thermal expansion coefficient at least five
times as large as the first fluid.

The volumetric strainmeter of claim 19, further comprising a plurality of partitions disposed between the outer housing
and the reinforced inner housing.

The volumetric strainmeter of claim 19, further comprising thermal conducting fins disposed inside the reinforced
inner housing and extending to at least the inner housing, each of the plurality of thermally conducing fins comprising
at least one hole permitting fluid passage therethrough.

The volumetric strainmeter of claim 14, wherein the strain measurement chamber deforms in response to stress or

strain in the earth, and the temperature compensation chamber does not deform in response to stress or strain in
the earth.
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The volumetric strainmeter of claim 25, wherein the temperature compensation chamber is concentric or eccentric
with the strain measurement chamber.

The volumetric strainmeter of claim 26, wherein the temperature compensation chamber is arranged inside the
housing, and the strain measurement chamber comprises an annulus between the housing and the temperature
compensation chamber.

The volumetric strainmeter of claim 27, wherein the strain measurement chamber is partitioned.

The volumetric strainmeter of claim 25, further comprising a plurality of thermal conduction fins extending from the
temperature compensation chamber to the strain measurement chamber.

The volumetric strainmeter of claim 25, wherein the first and second fluid meters each comprise a differential
transformer connected to a capillary tube.

Patentanspriiche

1.

10.

Verfahren zum Uberwachen unterirdischer Parameter, wobei das Verfahren umfasst:

Messen einer Fluidvolumené&nderung eines ersten Fluids in Reaktion auf eine Beanspruchung oder Verformung,
wobei das erste Fluid einen ersten Warmeausdehnungskoeffizienten hat;

Messen einer Fluidvolumenanderung eines zweiten Fluids, das einen zweiten Warmeausdehnungskoeffizienten
hat;

wobei das Verfahren gekennzeichnet ist durch Kompensieren der Messung der Fluidvolumenénderung des
ersten Fluids in Bezug auf die Temperatur unter Verwendung der Messung der Fluidvolumen&anderung des
zweiten Fluids, wobei der zweite Warmeausdehnungskoeffizient gréRer als der erste Warmeausdehnungsko-
effizient ist.

Verfahren nach Anspruch 1, wobei der zweite Warmeausdehnungskoeffizient wenigstens zweimal groRer als der
erste Warmeausdehnungskoeffizient ist.

Verfahren nach Anspruch 1, wobei der zweite Warmeausdehnungskoeffizient wenigstens finfmal gréRer als der
erste Warmeausdehnungskoeffizient ist.

Verfahren nach Anspruch 1, wobei der zweite Warmeausdehnungskoeffizient wenigstens siebenmal groRer als der
erste Warmeausdehnungskoeffizient ist.

Verfahren nach Anspruch 1, wobei das erste Fluid aus der Gruppe ausgewahlt ist, die besteht aus: Wasser, Queck-
silber und Glycerin; und das zweite Fluid aus der Gruppe ausgewahilt ist, die besteht aus: Alkohol, Benzol, Aceton,
Ether und Silikondl.

Verfahren nach Anspruch 1, das ferner das Verwenden einer Fluidausdehnung des zweiten Fluids in Reaktion auf
Temperaturdnderungen umfasst, um wahre durchschnittliche Temperaturschwankungen zu kompensieren.

Verfahren nach Anspruch 1, wobei die Beanspruchung oder Verformung tektonische Beanspruchungen umfasst.

Verfahren nach Anspruch 1, das ferner umfasst: Befiillen einer ersten Kammer einer volumetrischen Verformungs-
messeinrichtung mit dem ersten Fluid, das den ersten Warmeausdehnungskoeffizienten hat, und Befullen einer
zweiten Kammer der volumetrischen Verformungsmesseinrichtung mit dem zweiten Fluid, das den zweiten War-
meausdehnungskoeffizienten hat.

Verfahren nach Anspruch 1, das ferner umfasst: Vorsehen einer ersten Fluidkammer, die auf Beanspruchung oder
Verformung anspricht, wobei die erste Fluidkammer ein erstes Fluidvolumen aufweist; und Vorsehen einer zweiten
Fluidkammer, die auf Beanspruchung oder Verformung nicht anspricht, wobei die zweite Fluidkammer ein zweites
Fluidvolumen aufweist.

Verfahren nach Anspruch 8, das ferner umfasst: Vorsehen der zweiten Fluidkammer konzentrisch zu der ersten
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Fluidkammer.

Verfahren nach Anspruch 10, wobei das erste Fluidvolumen durch einen Ringraum zwischen der ersten und der
zweiten Kammer definiert ist.

Verfahren nach Anspruch 1, das ferner umfasst: Vorsehen einer ersten Fluidkammer mit einer ersten uf3eren
Grol3e, die auf Beanspruchung oder Verformung anspricht und ein erstes Fluidvolumen besitzt; und Vorsehen einer
zweiten Fluidkammer mit der ersten au3eren GrofRe, die auf Beanspruchung oder Verformung anspricht und ein
zweites Fluidvolumen besitzt, wobei das zweite Fluidvolumen kleiner als das erste Fluidvolumen ist.

Verfahren nach Anspruch 12, das ferner umfasst: Verringern des ersten Fluidvolumens durch Einsetzen eines ersten
Objekts in die erste Kammer; und Verringern des zweiten Fluidvolumens durch Einsetzen eines zweiten Objekts in
die zweite Kammer.

Volumetrische Verformungsmesseinrichtung zum Messen unterirdischer Parameter, wobei die volumetrische Ver-
formungsmesseinrichtung umfasst: ein Gehause (302); eine Verformungsmesskammer (304), die mit einem ersten
Fluid gefillt ist; eine Temperaturkompensationskammer (318), die mit einem zweiten Fluid gefullt ist; eine erste
Fluidmesseinrichtung, die mit der Verformungsmesskammer (304) funktional verbunden ist, um Fluid zu messen,
das von der Verformungsmesskammer (304) geférdert wird; eine zweite Fluidmesseinrichtung, die mit der Tempe-
raturkompensationskammer (318) funktional verbunden ist, um Fluid zu messen, das von der Temperaturkompen-
sationskammer (318) geférdert wird; dadurch gekennzeichnet, dass das erste und das zweite Fluid unterschied-
liche bekannte Warmeausdehnungskoeffizienten besitzen, wobei der Warmeausdehnungskoeffizient des zweiten
Fluids grof3er als der Warmeausdehnungskoeffizient des ersten Fluids ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 14, wobei sich die Verformungsmesskammer und die
Temperaturkompensationskammer in Reaktion auf eine Beanspruchung oder Verformung in der Erde im Wesent-
lichen identisch verformen.

Volumetrische Verformungsmesseinrichtung nach Anspruch 14, wobei die Verformungsmesskammer und/oder die
Temperaturkompensationskammer ein festes Objekt enthalten, wobei ein Fluidringraum zwischen dem festen Objekt
und dem Gehéuse definiert ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 14, wobei die Verformungsmesskammer ein festes
Objekt enthélt, wobei das feste Objekt einen ersten Durchmesser besitzt und die Temperaturkompensationskammer
ein zweites festes Objekt enthélt, das einen von dem ersten Durchmesser verschiedenen zweiten Durchmesser
besitzt.

Volumetrische Verformungsmesseinrichtung nach Anspruch 14, die ferner ein mengenkalibriertes Uberkapazitéts-
ventil enthalt, das mit der Verformungsmesskammer funktional verbunden ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 14, die ferner umfasst: ein verstérktes inneres Gehau-
se, das einer Verformung aufgrund einer Beanspruchung oder Verformung in der Erde widersteht; wobei das erste
Fluid zwischen dem auf3eren Gehause und dem verstarkten inneren Gehduse angeordnet ist und das zweite Fluid
in dem verstarkten inneren Gehduse angeordnet ist; ein erstes Kapillarrohr, das mit dem ersten Fluid in einer
Fluidverbindung steht; ein zweites Kapillarrohr, das mit dem zweiten Fluid in einer Fluidverbindung steht; einen
ersten differentiellen Umformer, der mit dem ersten Kapillarrohr verbunden ist; und einen zweiten differentiellen
Umformer, der mit dem zweiten Kapillarrohr verbunden ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 19, die ferner ein durch Uberkapagzitat kalibriertes Ent-
lastungsventil umfasst, das mit dem ersten Fluid in einer Fluidverbindung steht.

Volumetrische Verformungsmesseinrichtung nach Anspruch 19, wobei das zweite Fluid einen Warmeausdehnungs-
koeffizienten besitzt, der zweimal so grof3 wie jener des ersten Fluids ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 19, wobei das zweite Fluid einen Warmeausdehnungs-
koeffizienten hat, der wenigstens fiinfmal so groRR wie jener des ersten Fluids ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 19, die ferner mehrere Trennwénde besitzt, die zwi-
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schen dem auReren Gehduse und dem verstarkten inneren Gehéuse angeordnet sind.

Volumetrische Verformungsmesseinrichtung nach Anspruch 19, die ferner warmeleitende Kuhlrippen aufweist, die
in dem verstarkten inneren Gehéuse angeordnet sind und sich wenigstens zu dem inneren Gehause erstrecken,
wobei jede der mehreren warmeleitenden Kihlrippen wenigstens ein Loch aufweist, das einen Fluiddurchgang
durch sie zulésst.

Volumetrische Verformungsmesseinrichtung nach Anspruch 14, wobei die Verformungsmesskammer sich in Re-
aktion auf eine Beanspruchung oder Verformung in der Erde verformt und die Temperaturkompensationskammer
sich in Reaktion auf eine Beanspruchung oder Verformung in der Erde nicht verformt.

Volumetrische Verformungsmesseinrichtung nach Anspruch 25, wobei die Temperaturkompensationskammer in
Bezug auf die Verformungsmesskammer konzentrisch oder exzentrisch ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 26, wobei die Temperaturkompensationskammer in
dem Gehause angeordnet ist und die Verformungsmesskammer einen Ringraum zwischen dem Gehéause und der
Temperaturkompensationskammer umfasst.

Volumetrische Verformungsmesseinrichtung nach Anspruch 27, wobei die Verformungsmesskammer unterteilt ist.

Volumetrische Verformungsmesseinrichtung nach Anspruch 25, die ferner mehrere warmeleitende Kuhlrippen auf-
weist, die sich von der Temperaturkompensationskammer zu der Verformungsmesskammer erstrecken.

Volumetrische Verformungsmesseinrichtung nach Anspruch 25, wobei die erste und die zweite Fluidmesseinrichtung
jeweils einen differentiellen Umformer enthalten, der mit einem Kapillarrohr verbunden ist.

Revendications

1.

Procédé de surveillance de paramétres souterrains, le procédé comprenant :

la mesure d’'un changement de volume de fluide d’un premier fluide en réponse a une contrainte ou une défor-
mation, le premier fluide ayant un premier coefficient de dilatation thermique ;

la mesure d’'un changement de volume de fluide d’'un second fluide ayant un second coefficient de dilatation
thermique ;

le procédé étant caractérisé en ce qu’ il compense la mesure du changement de volume de fluide du premier
fluide en termes de température en utilisant la mesure du changement de volume de fluide du second fluide,
ou le second coefficient de dilatation thermique est supérieur au premier coefficient de dilatation thermique.

Procédé selon la revendication 1, dans lequel le second coefficient de dilatation thermique est au moins deux fois
supérieur au premier coefficient de dilatation thermique.

Procédé selon la revendication 1, dans lequel le second coefficient de dilatation thermique est au moins cinqg fois
supérieur au premier coefficient de dilatation thermique.

Procédé selon la revendication 1, dans lequel le second coefficient de dilatation thermique est au moins sept fois
supérieur au premier coefficient de dilatation thermique.

Procédé selon la revendication 1, dans lequel le premier fluide est choisi parmi le groupe consistant en : de I'eau,
du mercure, et de la glycérine ; et le second fluide est choisi parmi le groupe consistant en : de I'alcool, du benzol,

de l'acétone, de I'éther, et de I'huile de silicone.

Procédé selon la revendication 1, comprenant en outre I'utilisation d’'une dilatation de fluide du second fluide en
réponse aux changements de température afin de compenser les variations de température moyenne réelle.

Procédé selon la revendication 1, dans lequel la contrainte ou la déformation comprend des contraintes tectoniques.

Procédé selon la revendication 1, comprenant en outre : le remplissage d’'une premiere chambre d’'un extensometre
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volumétrique avec le premier fluide comprenant le premier coefficient de dilatation thermique, et le remplissage
d’'une seconde chambre de I'extensometre volumétrique avec le second fluide comprenant le second coefficient de
dilatation thermique.

Procédé selon la revendication 1, comprenant en outre : le fait de prévoir une premiére chambre de fluide qui est
sensible a une contrainte ou une déformation, la premiére chambre de fluide comprenant un premier volume de
fluide ; le fait de prévoir une seconde chambre de fluide insensible a une contrainte ou une déformation, la seconde
chambre de fluide comprenant un second volume de fluide.

Procédé selon la revendication 8, comprenant en outre : le fait de prévoir la seconde chambre de fluide concentrique
avec la premiére chambre de fluide.

Procédé selon larevendication 10, dans lequel le premier volume est défini par un espace annulaire entre la premiére
et la seconde chambres.

Procédé selon la revendication 1, comprenant en outre : le fait de prévoir une premiere chambre de fluide ayant
une premiere taille extérieure sensible a une contrainte ou une déformation et ayant un premier volume de fluide ;
le fait de prévoir une seconde chambre de fluide ayant la premiére taille extérieure sensible a une contrainte ou
une déformation et ayant un second volume de fluide, le second volume de fluide étant inférieur au premier volume
de fluide.

Procédé selon la revendication 12, comprenant en outre : la réduction du premier volume de fluide en insérant un
premier objet dans la premiere chambre ; la réduction du second volume de fluide en insérant un second objet dans
la seconde chambre.

Extensometre volumétrique destiné a mesurer des paramétres souterrains, l'extensomeétre volumétrique
comprenant : un logement (302) ; une chambre de mesure de contrainte (304) remplie d’un premier fluide ; une
chambre de compensation de température (318) remplie d'un second fluide. ; un premier dispositif de mesure de
fluide relié de maniere opérationnelle a la chambre de mesure de contrainte (304) afin de mesurer un fluide déplacé
depuis la chambre de mesure de contrainte (304) ; un second dispositif de mesure de fluide relié de maniére
opérationnelle a la chambre de compensation de température (318) afin de mesurer un fluide déplacé depuis la
chambre de compensation de température (318) ; caractérisé en ce que le premier et le second fluides possédent
des coefficients de dilatation thermique différents et connus, le coefficient de dilatation thermique du second fluide
étant supérieur au coefficient de dilatation thermique du premier fluide.

Extensometre volumétrique selon larevendication 14, dans lequel la chambre de mesure de contrainte et la chambre
de compensation de température se déforment de maniére sensiblement identique en réponse a une contrainte ou
une déformation dans la terre.

Extensometre volumétrique selon la revendication 14, dans lequel au moins I'une de la chambre de mesure de
contrainte et de la chambre de compensation de température comprend un objet solide, dans lequel un espace
annulaire de fluide est défini entre I'objet solide et le logement.

Extensometre volumétrique selon la revendication 14, dans lequel la chambre de mesure de contrainte comprend
I'objet solide, I'objet solide ayant un premier diametre, et la chambre de compensation de température comprend
un second objet solide ayant un second diametre différent du premier diametre.

Extensometre volumétrique selon la revendication 14, comprenant en outre une soupape de surcapacité a quantité
mesurée reliée a la chambre de mesure de contrainte.

Extensometre volumétrique selon larevendication 14, comprenant en outre : un logement intérieur renforcé résistant
a la déformation due a une contrainte ou une déformation dans la terre ; le premier fluide étant disposé entre le
logement extérieur et le logement intérieur renforcé et le second fluide étant disposé dans le logement intérieur
renforcé ; un premier tube capillaire relié de maniere fluide au premier fluide ; un second tube capillaire relié de
maniére fluide au second fluide ; un premier transformateur différentiel relié au premier tube capillaire ; et un second
transformateur différentiel relié au second tube capillaire.

Extensometre volumétrique selon la revendication 19, comprenant en outre une soupape de sreté de mesure de

16



10

15

20

25

30

35

40

45

50

55

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

EP 1834 156 B1
surcapacité reliée de maniere fluide au premier fluide.

Extensometre volumétrique selon la revendication 19, dans lequel le second fluide possede un coefficient de dila-
tation thermique au moins deux fois supérieur au premier fluide.

Extensometre volumétrique selon la revendication 19, dans lequel le second fluide posséde un coefficient de dila-
tation thermique au moins cinq fois supérieur au premier fluide.

Extensometre volumétrique selon la revendication 19, comprenant en outre une pluralité de cloisons disposées
entre le logement extérieur et le logement intérieur renforce.

Extensometre volumétrique selon la revendication 19, comprenant en outre des ailettes a conduction thermique
disposées a I'intérieur du logement intérieur renforcé et s’étendant jusqu’a au moins le logement intérieur, chacune
de la pluralité d'ailettes a conduction thermique comprenant au moins un orifice permettant un passage de fluide a
l'intérieur.

Extensometre volumétrique selon la revendication 14, dans lequel la chambre de mesure de contrainte se déforme
en réponse a une contrainte ou une déformation dans la terre, et la chambre de compensation de température ne
se déforme pas en réponse a une contrainte ou une déformation dans la terre.

Extensometre volumétrique selon la revendication 25, dans lequel la chambre de compensation de température
est concentrique ou excentrique avec la chambre de mesure de contrainte.

Extensometre volumétrique selon la revendication 26, dans lequel la chambre de compensation de température
est agencée a l'intérieur du logement, et la chambre de mesure de contrainte comprend un espace annulaire entre

le logement et la chambre de compensation de température.

Extensometre volumétrique selon la revendication 27, dans lequel la chambre de mesure de contrainte est cloison-
née.

Extensometre volumétrique selon la revendication 25, comprenant en outre une pluralité d'ailettes a conduction
thermique s’étendant depuis la chambre de compensation de température vers la chambre de mesure de contrainte.

Extensometre volumétrique selon la revendication 25, dans lequel le premier et le second dispositifs de mesure de
fluide comprennent chacun un transformateur différentiel relié a un tube capillaire.
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